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Probe body for an electrical measurement system. 



@ A probe body for a measurement system com- 
prises a probe-tip terminal for connection by way of 
a probe tip to a test point, a cable port for connec- 
tion hy way of at least one cable to a measurement 
instrument, probe circuitry, a function generator, and 
a switch. In a first state of the switch, the input 
terminal of the probe circuitry is connected to the 
probe-tip terminal and in a second state of the 
switch the input terminal of the probe circuitry is 
connected to the function generator. When the 
switch is in the second state, the function generator 
may be used to impress a signal having a predeter- 
mined waveform on the probe circuitry. 
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PROBE BODY FOR AN ELECTRICAL MEASUREMENT SYSTEM 



This invention relates to a probe body for an 
electrical measurement system. 



Background of the Invention 

An electrical measurement system generally 
comprises a measurement instrument such as an 
oscilloscope or logic analyzer, and a probe assem- 
bly. The probe assembly comprises a probe body, 
a probe tip that extends from the probe body to 
contact a test point of a device under test, and a 
cable for connecting the probe body to the mea- 
surement instrument. The probe body may incor- 
porate circuitry for interfacing the probe tip to the 
cable, for example impedance-matching circuitry, 
or other types of circuits, such as an attenuator. An 
active probe, such as the Tektronix P6202, incor- 
porates active circuit elements in the probe body, 
and these require that the probe circuitry be con- 
nected to a power supply. 

In order to enable a measurement instrument 
to provide accurate measurement results, it is nec- 
essary that the signal acquisition components of 
the system be calibrated. The signal acquisition 
components of an electrical measurement system 
include the probe assembly and the input circuits 
of the measurement instrument. In the case of a 
digital storage oscilloscope, these circuits include 
an analog-to-digitaJ converter (ADC) for converting 
the analog electrical signal received from the probe 
assembly into digital form for storage in an acquisi- 
tion memory. At present, calibration is accom- 
plished by connecting the probe tip to a signal 
having a predetermined waveform and adjusting 
calibration circuits of the measurement instrument 
so that the measurement result actually provided 
by the measurement instrument is the same as the 
expected measurement result Good measurement 
practice dictates that a measurement instrument be 
calibrated at short enough intervals to take account 
of changes in signal acquisition conditions, such as 
the temperature of the probe assembly. However, 
calibration is generally regarded as an inconvenient 
chore and therefore many users do not calibrate 
their instruments sufficiently frequently. 



Summary of the Invention 

In accordance with one aspect of the present 
invention, a probe body comprises a probe-tip ter- 
minal for connection by way of a probe tip to a test 
point, a cable port for connection by way of a 
probe cable to a measurement instrument probe 



circuitry, a function generator, and switch means. In 
a first state of the switch means, the probe-tip 
terminal is connected to the cable port by way of 
the probe circuitry, whereas in a second state of 

s the switch means the function generator Is con- 
nected to the probe circuitry in lieu of the probe-tip 
terminal. In the second state of the switch means, 
the function generator may be used to impress a 
signal having a predetermined waveform on the 

70 probe circuitry. 

In accordance with another aspect of the 
present invention a measurement system com- 
prises a measurement instrument, a probe body, 
and a probe cable for connecting a cable port of 

75 the probe body to the measurement instrument 
The probe body comprises probe circuitry having 
an output terminal connected to the cable port and 
also having an input terminal, a function generator, 
and switch means. In a first state of the switch 

20 means, the input terminal of the probe circuitry is 
connected to a probe-tip terminal of the probe 
body, whereas in a second state of the switch 
means the input terminal of the probe circuitry is 
connected to the function generator. In the second 

25 state of the switch means, the function generator 
may be used to impress a signal having a pre- 
determined waveform on the probe circuitry. 

30 Brief Description of the Drawing 

For a better understanding of the invention, and 
to show how the same may be carried into effect, 
reference will now be made, by way of example, to 
35 the accompanying drawing, the single figure of 
which is a block diagram illustrating an electrical 
measurement system embodying the present in- 
vention. 

40 

Detailed Description 

The illustrated measurement system comprises 
a measurement instrument 2, such as a digital 

45 storage oscilloscope, and a probe assembly 4. The 
probe assembly comprises a probe cable 6, a 
probe body 8 and a measurement probe tip 10. 
The probe tip 10 makes electrical contact with a 
test point of a device under test (OUT) 12. The 

so probe body incorporates conventional probe cir- 
cuitry 80 that interfaces the probe tip 10 to a signal 
conductor 60 of the probe cable. Electrical signals 
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representing phenomena occurring in the device 
under test are conducted from the probe tip to the 
measurement Instrument by way of the probe body 
8 and the signal conductor 60. 

As is conventional, the digital storage osci> s 
loscope comprises an attenuator 20, an analog-to- 
digital converter (ADC) 22 and an acquisition mem- 
ory 24. The signal that is received over the signal 
conductor of the cable 6 is attenuated by the 
attenuator 20 so as to bring its dynamic range io 
within the dynamic range of the ADC 22, and the 
ADC converts the attenuated analog signal into 
digital form. The digital signal is written into the 
acquisition memory 24 for subsequent processing 
by processing circuitry 26 of the oscilloscope to 75 
yield measurement results. Operation of the at- 
tenuator 20, the ADC 22, the memory 24 and the 
processing circuitry 26 takes place under control of 
a controller 28. Electrical power for operation of the 
ADC 22, the memory 24, the processing circuitry 20 
26 and the controller 28 is provided by a power 
supply 30. The power supply has a power supply 
terminal that is connected to the probe circuitry 80 
by way of a power supply conductor 62 of the 
probe cable 6. 2S 

In addition to the probe circuitry 80, the probe 
body incorporates a switch device 82 and a func- 
tion generator 84. The function generator has a 
data output 88 and a control output 86. The switch 
device 82 has two data input terminals, connected 30 
to the data output 88 of the function generator and 
the probe tip 10, and two data output terminals, 
connected to the probe circuitry 80 and a stimulus 
probe tip 11. The switch device has a first operat- 
ing state in which it connects the probe tip 10 to 35 
the probe circuitry 80 and optionally connects the 
data output 88 to the stimulus probe tip 11, and a 
second operating state in which the probe tips 10 
and 11 are disconnected and the data output 88 is 
connected to the probe circuitry 80. The signal 40 
provided at the control output 86 of the function 
generator is used to determine the operating state 
of the switch device 82. 

The function generator includes a phase-locked 
loop 90, a memory device 92, a digital-to-analog as 
converter (QAC) 94. a low-pass reconstruction filter 
96 and a decoder 98. The memory device includes 
several separately selectable read-only memories 
(ROMs) 92A, 92B etc. The function generator is 
connected to the power supply conductor 62 of the 50 
probe cable and is also connected to a data clock 
conductor 64, a data transmit conductor 66 and a 
data conductor 68. When calibration of the mea- 
surement system is required, the function gener- 
ator is enabled by placing a logical 1 on the data 55 
transmit conductor 66, and data is transmitted from 
the controller to the function generator over the 
data conductor 68 using a bit serial data stream. 



The decoder 98 generates control signals that 
place the switch 82 in its second operating state, 
enable the phase-locked loop 90 and select a par- 
ticular ROM, e. g. the ROM 92A, of the memory 
device 92. The controller then enables a master 
clock generator 32 in the oscilloscope, and the 
clock generator 32 transmits clock pulses over the 
data clock conductor 64 to the phase-locked loop 
90. The phase-locked loop includes a voltage-con- 
trolled oscillator (not shown) and when the PLL is 
enabled and receives the master clock the VCO 
oscillates and its oscillations become synchronized 
with the master clock. The PLL is designed to 
continue oscillating at the master clock rate for a 
short time after removal of the master clock. There- 
fore, when sufficient time to achieve synchroniza- 
tion has elapsed, the data clock conductor 64 is 
grounded and the phase-locked loop continues to 
oscillate, applying a slave clock to the selected 
ROM 92A. The digital data values stored in the 
ROM 92A are read out in a predetermined se- 
quence and are applied to the DAC 94. The DAC 
94 generates a corresponding sequence of analog 
voltage values. These analog voltage values may 
be applied directly to the output terminal 88 of the 
function generator, so that the waveform of the 
analog output signal is a square wave, a regular 
stair-step, or a random series of discrete levels, for 
example, or they may be applied to the terminal 88 
through the low-pass filter and provide an analog 
output signal having, e. g., a sinusoidal waveform. 
* The analog output signal of the function generator 
is applied to the probe circuitry 80 by way of the 
switch device 82. Thus, the function generator 
serves as a local source of a calibration signal, and 
enables the acquisition components of the mea- 
surement system to be calibrated without requiring 
the user to disconnect the probe tip from the 
device under test and connect it to a calibration 
signal generator. Use of the phase-locked loop 90 
incorporated in the function generator makes it 
possible to ground the conductor 64 after synchro- 
nization has been achieved and therefore the pos- 
sibility of cross-talk between the signal transmitted 
over the signal conductor and the master clock is 
avoided. 

The waveform of the signal that is provided at 
the the output of the ADC 22 in response to the 
calibration signal provided by the function gener- 
ator is compared with the expected waveform, and 
the result of the comparison is used to calibrate the 
acquisition components of the measurement sys- 
tem. For example, the calibration could be carried 
out by processing the digital signal provided by the 
ADC prior to writing it into the acquisition memory, 
or by processing the signal stored in the acquisi- 
tion memory before carrying out subsequent pro- 
cessing for obtaining a measurement result 
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The illustrated measurement system may also 
be used for applying stimuli to the device under 
test In order to apply a stimulus, the data that is 
sent to the function generator while the function 
generator is enabled has the effect of placing the 
switch device 82 in its second operating state. The 
analog output signal of the function generator is 
applied to the DUT 12 by way of the stimulus 
probe 11, and the signal acquired at the test point 
by the probe 10 is passed to the oscilloscope by 
way of the probe circuitry 80 and the cable 6 
without being contaminated by the master clock. It 
will be appreciated that the present invention is not 
restricted to the particular probe body that has 
been described and illustrated, and that variations 
may be made therein without departing from the 
scope of the invention. For example, the particular 
nature of the function generator is unimportant, so 
long as it is capable of generating a signal having a 
predetermined waveform for impressing on the 
probe circuitry. If it is sufficient that the signal 
provided at the terminal 88 of the function gener- 
ator have a rectangular waveform, the output of the 
memory device 92 may be applied directly to the 
terminal 88. ff separate cables are used for the 
signal conductor 60 and the conductors 64, 66 and 
68, the master clock may be used to clock the 
memory device 92 and the phase-locked loop 90 
would not be necessary. Also, the signals gen- 
erated by the function generator may be varied 
through use of programmable memory devices, 
such as electrically-eraseable PROMs, which can 
be loaded over the data conductor 68. Conductors 
carrying high speed signals, such as the conduc- 
tors 60 and 64, generally need to be shielded in 
order to avoid signal degradation. In order to mini- 
mize the quantity of shielded conductor, the con- 
ductor 60 may be used to transmit the master 
clock to the function generator if an additional 
switch, controlled by the decoder 98, is interposed 
between the probe circuitry 80 and the conductor 
60 for connecting the conductor 60 selectively to 
the probe circuitry (for acquisition) and the function 
generator (for calibration or stimulation). Of course, 
in this case it is not possible to acquire a signal 
while the master clock is being applied to the 
function generator, and therefore ft is essential that 
the function generator include a slave clock gener- 
ator having at least short term stability. 



Claims 

1. A probe body comprising a probe-tip termi- 
nal for connection by way of a probe tip to a test 
point and a cable port for connection by way of at 
least one cable to a measurement instrument, and 
probe circuitry having an output terminal connected 



to the cable port and also having an input terminal, 
the probe body also comprising a function gener- 
ator, and switch means having a first state in which 
the input terminal of the probe circuitry is con- 

5 nected to the probS-tip terminal and a second state 
in which the input terminal of the probe circuitry is 
connected to the function generator, so that when 
the switch means are in the second state the 
function generator may be used to impress a signal 

io having a predetermined waveform on the probe 
circuitry. 

2. A probe body according to claim 1, wherein 
the function generator includes a read-only mem- 
ory and a clock generator for clocking the contents 

is out of the read-only memory. 

3. A probe body according to claim 2. wherein 
the clock generator is a phase-locked loop oper- 
ative to oscillate in synchronism with an externally- 
applied master clock and to continue oscillation 

20 after removal of the master clock. 

4. A probe body according to claim 1, having a 
second probe-tip terminal for connection to a 
stimulus probe, and wherein the switch means con- 
nect the function generator to the second probe-tip 

25 terminal when in the first state. 

5. A measurement system comprising a mea- 
surement instrument a probe body having a probe- 
tip terminal for connection by way of a probe tip to 
a test point and also having a cable port and a 

30 probe cable for connecting the cable port of the 
probe body to the measurement instrument the 
probe body comprising probe circuitry having an 
output terminal connected to the cable port and 
also having an input terminal, a function generator, 

35 and switch means having a first state in which the 
input terminal of the probe circuitry is connected to 
the probe-tip terminal and a second state in which 
the input terminal of the probe circuitry is con- 
nected to the function generator, so that when the 

40 switch means are in the second state the function 
generator may be used to impress a signal having 
a predetermined waveform on the probe circuitry. 

6. A measurement system according to claim 
5, wherein the measurement instrument includes a 

45 master clock generator that can be connected to 
the function generator of the probe body over the 
probe cable, and wherein the function generator 
comprises a local dock generator for receiving the 
master clock generated by the master dock gener- 

50 ator and generating a local clock that is synchro- 
nized with the master clock, and a read-only mem- 
ory connected to receive the local dock and gen- 
erate a predetermined sequence of digital data 
values. 

55 
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7. A measurement system according to claim 
6, wherein the probe body further comprises a 
digital-to-analog converter connected to receive the 
prede termined sequence of digital data values 
generated by the read-only memory. 5 

8. A measurement system according to claim 
6, wherein the local clock generator comprises a 
phase-locked loop. 

9. A measurement system according to claim 

5, wherein the function generator includes a read- io 
only memory and a clock generator for clocking 
the contents out of the read-only memory. 

10. A probe body according to claim 9 f wherein 
the clock generator is a phase-locked loop oper- 
ative to oscillate in synchronism with an externally- is 
applied master clock and to continue oscillation 
after removal of the master clock. 

11. A probe body according to claim 5, having 
a second probe-tip terminal for connection to a 
stimulus probe, and wherein the switch means con- 20 
nect the function generator to the second probe-tip 
terminal when in the first state. 
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